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PROCESS FOR THE REDUCTION OF
CARBOXYL-END GROUPS OF LINEAR
POLYESTERS

'BACKGROUND OF THE INVENTION

The invention relates to a process for the reduction of the
carboxyi end groups of linear saturated polyesters by means
of reaction with alkylene carbonate in the melt phase in the
presence of a phosphonium catalyst.

Tough yams for technical applications, such as cords for
motor vehicle tires and conveyor belts, are manufactured
from particularly high-molecular polyesters. Such high-
molecular polyesters are produced through the post-conden-
sation of precondensate, either in the solid phase (U.S. Pat.
No. 4,064,112) or in the melt phase, in specially-designed
reactor units (U.S. Pat. Nos. 3,728,083 and 5,055,273). The
higher the carboxyl end group concentration of the prepoly-
mer, however, the lower is its ability for post-condensation.
A reduction of the carboxyl end groups preceding polycon-
densation, in order to increase the polycondensation ability,
may thus be necessary in the production of particularly
highmolecular polyesters. |

The thermal stability of polyester drops sharply, not only
with increasing temperature and residence time but also,

most particularly, with increasing molecular weight, which

leads to the breakdown of the molecular chains, and as a
result to the formation of additional carboxyl end groups.
Thus, the carboxyl end group concentration of the polyester
discharged from the post-condensation reactor 1s usually
over 20 meqg/kg and, in the finished yam, over 25 meg/kg. By
means of particular equipment measures, values of approxi-
mately 16 meg/kg can be achieved in the yarn (U.S. Pat. No.
4,867,936). At the present time, however, the market
requires yarns with less than 15 meqg/kg and, if at all
possible, less than 12 meq/kg, of the carboxyl end groups.

The prior art discloses reduction of the carboxyl end
groups through the reaction of the polyester in the melt with
different reagents, such as low-boiling oxiranes (U.S. Pat.
No. 4,442,058), polycarbonates (U.S. Pat. No. 4,171,422),
or alkylene carbonates (U.S. Pat. No. 4,348,314 and JjP-B
48-041 713). Oxiranes, because of their low boiling point
(under 75° C.), can only be homogeneously mixed into the
polyester melts with difficulty and are, in addition, highly
toxic. Polycarbonates can be handled well, but through the
incorporation of polycarbonate units, lead however, to a
disruption of the homogenous polyester structure and, as a
result, to an impairment of the yarn characteristics, which
can not be tolerated, particularly in HMLS yarns (high
modulus, low shrinkage yarns). As catalysts, both tetra-(n-
C,_c-alkyl)-phosphonium acetates as well as -halogenides
(U.S. Pat. No. 4,171,422) are suitable for this purpose. By
supplying ethylene carbonate ‘without a catalyst into the
polyester-polycondensation reactor, the polycondensation
reaction can be accelerated, but without, however, influenc-
ing the content of the carboxyl end groups (U.S. Pat. No.
4.289,871). The addition of a catalyst 1s necessary for the
reduction of the carboxyl end groups. Equally well-suited
for such purposes are organic phosphines and phosphontum
hydroxides, halogenides or carboxylates, in which saturated
alkyl groups and aryl groups are present as organic radicals,
such as, for example, butyl triphenylphosphonium chlonde
(JP-B 48- 041713). Most of these alkyl- and/or arylphos-
phonium compounds are strongly hygroscopic and must be
stored under nitrogen. At lower concentrations (below 200
ppm), a distinct reduction of the viscosity of the polyester
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appears and, at higher concentrations (400-500 ppm), in
comparison with polyester without the addition of alkylene
carbonate/catalyst, a yellow discoloration of the polyester
additionally appears during the reaction of the polyester with
alkylene carbonate. Alkali halogenides and alkali thiocyan-
ates also show a good catalytic activity (U.S. Pat. No.
4.348.314). Alkali salts, however, promote the hydrolytic
breakdown of the polyester, which can not be sufhiciently
compensated, particularly in respect to long-term stability,

even through the addition of the phosphite- or phosphonate
stabilizers (U.S. Pat. Nos. 4,374,960 or 4,374,961 ).

SUMMARY OF THE INVENTION

The object of the present invention is to provide a process,
which can be carried out easily, for the reduction of the
carboxyl end groups of linear polyester, in which the dete-
rioration of the other characteristics of the polyester 1s
prevented. More particularly, the object is to provide a
catalyst, which is easy to handle, for the reaction of linear
polyesters with alkylene carbonate in the melt, which, at the
concentration which is necessary for a sufficient reduction of
the carboxyl end groups of the polyester, changes the other
characteristics of the polyester, particularly the thermal
stability and the color, to the slightest extent possible.

These objects are accomplished by reacting the polyester

~ with alkylene carbonate in the presence of 40 to 160 ppm of

allyltripheny] phosphonium bromide, based on the weight of
the polyester.

Allyltriphenyl phosphonium bromide is non-hygroscopic,
and is thus easy to handle and to store without a nitrogen
atmosphere. Its high catalytic activity allows reactions at
such low concentrations that no significant discoloration of
the polyester comes about. The drop in the intrinsic viscosity
of the polyester, which accompanies the catalytic reaction of
the polyester with alkylene carbonate, was, surprisingly,

lower during the use of allyltriphenyl phosphonium bromide
than it was with the use of the phosphonium compounds

which are listed in JP-B 48-041 713. All these listed com-
pounds, without exception, contain alkyl groups which are
saturated.

“Linear polyesters”, as used in this specification, are
homo- and co-polyesters of alkanediols and aryldicarboxylic
acids. The preferred polyesters are: polyethylene terephtha-

late, polybutylene terephthalate and polyethylene naphtha-

late. Both polyester melts, which had been produced from
the monomers immediately before, as well as those which
were produced through the re-melting of polyester pellets,

~are used in the present process. The intrinsic viscosity of the

polyester depends on its use and its further processing, and
amounts, before the reaction with alkylene carbonate, to at
least 0.15 dl/g, preferably at least 0.45 dl/g (measured at 25°
C. in a solution of 0.5 g polyester in 100 ml of a mixture of
3 weight-parts of phenol and 2 weight-parts of 1,2-dichlo-
robenzene). The additives which are usual in the production
and the processing of polyesters, such as transesterifica-
tion—or esterification—and polycondensation catalysts, sta-
bilizers, branching agents, colorants and pigments, can be
present in the polyester and do not disturb the reaction with
the alkylene carbonate.

Suitable alkylene carbonates are low-molecuiar, cyclic
carbonates such as ethylene carbonate, propylene carbonate
and butylene carbonate. Ethylene carbonate is preferred. The
quantity of alkylene carbonate added to the polyester
amounts to 0.5 to 1.5 weight %, and preferably 0.8 to 1.2
weight %.
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The reaction of the polyester with the alkylene carbonate
in the presence of the allyltriphenyl phosphonium bromide
catalyst in accordance with the invention is carried out in the
manner which 1s known per se. The catalyst is dissolved in
the alkylene carbonate in a concentration (0.5 to 5 weight %
based on the alkylene carbonate) which corresponds to the
necessary catalyst quantity. This solution is then homoge-
neously mixed with the polyester melt under pressure. The
pressure must be high enough to keep the alkylene carbonate
at the temperature of the polyester melt in the liquid con-
dition. Higher pressures, as occurring in the extrusion of the
polyester, for example, 20 to 50 bar, are favorable. The
mixing can take place with static mixing elements installed
in the polyester melt supply pipe, such as, for example, with
8 t0o 24 SMX eclements made by the firm Sulzer/CH. Other
devices which enable a uniform distribution in the polyester
melt are suitable. The mixing of the alkylene carbonate/
catalyst into the polyester melt is preferably carried out in
the supply pipe to the post-condensation reactor, but can also
take place in the supply pipe to the polyester processing unit.
The latter particularly comes into use if no post-condensa-
tion 18 provided in the melt phase. In this case, the quantity
of alkylene carbonate is to be limited in such a manner that,
under the given conditions, particularly the pressure, no
large gas bubbles arise in the polymer melt, due to excess
amounts of non-dissolved gaseous reaction by-products,
mainly carbon dioxide. The feeding of the alkylene carbon-
ate/catalyst takes place directly in front of the mixing section
or, if a pellet melting extruder precedes the mixing section,
also 1n the intake part of the extruder.

It is essential that the mixing section enables a total
residence time from the ethylene carbonate/catalyst feed
point to the exit from the mixing section of 2 to 12 min.,
preferably from 3 to 9 min., and particularly preferred from
4 to 6 mun. This residence time is necessary in order to attain
a sufficient reaction of the polyester with the alkylene
carbonate to provide the desired reduction in the carboxyl
end groups. With a longer residence time, a glycolytical
and/or thermal depolymerization of the polyester, can result.

In place of the one-stage reaction, a two-stage reaction
can be used, particularly if a very strong reduction of the
carboxyl end groups is desired. In this case, one mixing
section 1s connected each before and behind the melt phase
post-condensation reactor.

With a one-stage reaction, the quantity of alkylene car-
bonate amounts to 0.5 to 1.5 weight %, preferably 0.6 to 1.2
weight %, and that of allyltriphenyl phosphonium bromide
amounts to 40 to 120 ppm, preferably 60 to 100 ppm, each
based on the polyester. With a two-stage reaction, the
quantity of alkylene carbonate amounts to 0.5 to 1.2 weight
%, preferably 0.6 to 1.0 weight %, during the first stage, and
to 0.1 to 0.5 weight %, preferably up to 0.3 weight %, in the
second stage, and that of allyltriphenyl phosphonium bro-
mide amounts to 40 to 100 ppm, preferably 50 to 80 ppm in
the first stage, and to 10 to 90 ppm, preferably 20 to 60 ppm,
in the second stage, whereby the sum of the first and of the
second stage is, at the maximum, equal to 160 ppm, each
based on the polyester. The quantities stated are sufficient to
provide the low carboxyl end group concentrations which
are desired by the market. Additional measures are not
necessary and, in particular, no additional catalysts of other
chemical reactants are required.

SPECIFIC EXAMPLES

The characteristic values stated in the following examples
were determined as follows:
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~ Intrinsic viscosity (I.V.)

500 mg of polyester are dissolved in 100 ml of a mixture
of phenol and 1,2-dichlorobenzene (3:2 weight parts), and
the relative viscosity of this solution is determined at 25° C.
in accordance with the method of Ubbelohde. The intrinsic
viscosity 1s computed from the relative viscosity in accor-
dance with Bilhneyer’s equation.

Carboxyl end groups (COOH)

The polyester is dissolved during heating in a mixture of
o-cresol and of chloroform (70:30 weight parts), and the
content of —COOH groups is photometrically determined
with 0.05 n of ethanolic potassium hydroxide against bro-
mothymol blue.
b-Color value

The measurement 1s carried out on polyester pellets
crystallized in a drying cabinet at 1354+5° over the course of
1 hour. The color values are determined in a three-range
color measuring device, whereby the color of the polyester
sample 1s measured by means of three photocells, each of
which with a red, green or blue filter (X-, Y- and Z-values).
The evaluation is carried out in accordance with the method
of Hunter, whereby:

b=(7.0+Vy)x(Y-0.8467XZ).

Comparative Examples 1 to 9 and Example 10

Polyethylene terephthalate pellets with an intrinsic vis-
cosity (I.V.) of 0.589 dl/g and 20 meqg/kg of carboxyl end
groups were, dnied 1n usual manner, and then melted, in a
single-screw extruder, Type LSM 30 made by the firm
Leistritz/DE (screw diameter 30 mm, length 20 D, short-
compression screw), at 270° C. and an initial pressure of
approximately 33 bar. The melt is pumped with a gear pump
at said temperature and initial pressure through a pipe (with
an internal diameter of 27.3 mm) containing 12 mixer
elements, type SMX from the firm Sulzer/CH. The mixing
section closes at a circular aperture (nozzle diameter 1.1
mm) from which a single polymer strand is drawn off and
pelletized. 0.9 weight % of ethylene carbonate (EC) con-
taining the catalyst is dosed via the intake section of the
extruder into the polyester melt. The catalyst concentration
amounted to 72 ppm, based on the polyester. The residence
time between the feeding point of the ethylene carbonate and
the exit from the circular aperture nozzle was, in all cases,
8 min. The results which were thereafter measured on the
pellets are summarized in the following:

PET Pellets
Ex. | COOH/ 1V
No. Catalyst meqg/kg dl/g ALV,
1 — 31 0.581 —
2 Tetraethyl phosphonium chloride 1.5 0.540 0.041
3 Tetraethyl phosphonium bromide | 0.539 0.042
4 Tetraethyl phosphonium iodide 1 0.536 0.045
5 Tetrabutyl phosphonium chloride | 0.519 0.062
6 Tetrabutyl phosphonium bromide 1 0.49% 0.082
7 Tetraphenyl phosphonium 1 0.419 0.162
bromide
8 Tetraphenyl phosphonium iodide 1 0.467 0.114
9 Butyltriphenyl phosphonium 1 0.534 0.047
chloride
10 Allyltriphenyl phosphonium 2.5 0.580 0.001

bromide

As is evident above, allyltriphenyl phosphonium bromide,
with the unsaturated allyl group, has a similar catalytic
effect, but leads to a clearly lower reduction of the viscosity
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than the tested phosphonium compounds, having saturated
alkyl groups and/or aryl groups. o BT Pellete
Example 11 and Comparative Examples 12 to 13 Example weight Duration Catalyst 1LV. COOH
| | 5 Number T min. ppm dl/g meg/kg b-value
Polyethylene terephthalate pellets having an intrinsic vis-
cosity (I.V.) of 0.88 dl/g, and meg/keg of carboxyl end 14 1.2 12 9 0.585 1 6.6
groups, were dried and subsequently melted in the same }g }% li gg g‘gg}] li 3;
single-screw extruder as in examples 1 to 10 at 285° C. and 17 _ 12 0611 36 43
an initial pressure of approximately 35 bar and, at this ,,
temperature and initial melt pressure pumped through the
same pipe/mixing system as in examples 1 to 10, and again
pressed out as a single strand and pelletized. Ethylene _
carbonate (EC) containing catalyst was dosed into the poly- Examples 18 to 23 and Comparative Examples 24
ester melt directly in front of the mixing section. Allyltriph- < to 26
enyl phosphonium bromide (A) was used as the catalyst for Polyethylene terephthalate pellets with an I.V. of 0.616
example 11, and butyltnphenyl phosphonium chloride (B) |
dl/g, 29 mea/kg carboxyl end groups, and a b-value of 1.7,
was used for comparison in example 12. The residence time 1 containine 320 £ anti d 15 f oh
from the ethylene carbonate feeding point until discharge mﬁ COLLATILE | ([l)pm ol dn 1m§ny 3121 p%mh?_ P S >
from the circular aperture nozzle totaled, in all cases, to 10 5, PLIOTUS, WEIC e e L 11 dan extruder and passec through a
min. The results which were measured thereafter on the plpe/nuxzing systgm -~ accordan(ie tcll] examples 1 to 10, a_nd
et : 1 the followine: comnected to a downstream melt phase post-condensation
pellets are summarized in the following reactor in accordance with the U.S. Pat. No. 5,055,273. The
post-condensation was carried out at a constant agitator
PET pellets rotation speed of 3 RPM within 170 min. at 270° C. and
25 - : .
approximately 1.0 mbar, The reactor with a discharge pump
Example - Calys! COOH was connected to a second mixer section with 12 SMX
Number weight % Type ppm LV.dUg ALV meg/kg elements (at an internal pipe diameter of 27.3 mm) closing
- ~ v om — - with a circular aperture nozzle for strand formation and
97 807 . -
12 092 B 154 0788  0.050 14, Subsequent pelleuzing. . |
13 _ — —  0.838 — 20 Ethylene carbonate (EC) containing allyltriphenyl phos-
phonium bromide was fed into the intake area of the extruder
Under these conditions, the unsaturated allyltriphenyl phos- and, 1n the examples ?‘1 and 22, also at the beginning of the
phonium bromide, in comparison with the saturated butyl- second mixing section. The temperature between thE
triphenyl phosphonium chloride, produces a stronger reduc- 35 extruder and the circular aperture nozzle was uniformly 270
tion of the —COOH groups at a simultaneously lower C., the pressure in the first mixing zone was approximately
degradation of the viscosity. 35 bar and, in the second mixing zone, up to approximately
220 bar. The residence time between the first point of supply
Examples 14 to 16 and Comparative Example 17 of EC and the entrance into the post-condensation reactor,
| 40 amounted to 6 min. and, from the second feeding point of
Polyethylene pellets with an L.V. of 0.624 dl/g, 24 meqg/kg EC to the exit from the circular aperture nozzle was 10 min.
carboxyl end groups, 1.16 weight % diethylene glycol and a The results which were thereafter determined on the pellets
b-color value of 2.3, and containing 240 ppm of antimony, are summarized in the following:
1st mixing Zone 2nd mixing zone PET Pellets
Example EC Catal. EC Catal. LV. COOH
Number weight % ppm  weight %  ppm dli/g meq/kg b-value
18 0.52 52 — —  0.99% 14 10.6
19 0.52 104 — — 0985 11 12.1
20 0.60 60 — — 0.955 15 9.1
21 0.60 60 0.19 38 0.952 12 10.4
22 0.60 60 0.42 34 (0.949 6 10.9
23 0.78 156 — — 0947 4 15.1
24 0.78 39 —~ — 0.930 16 9.7
25 0.78 — — — 1.016 24 8.6
26 — — — — 0.994 24 8.7
and 18 ppm of phosphorus, were in the manner described Examples 27 to 28 and 30 to 31, and Comparative
under examples 1 to 10, reacted with ethylene carbonate 60 Examples 29 and 32
containing catalyst. In contrast to examples 1 to 10, ethylene _
carbonate was already fed into the intake area of the Predried polybutylene terephthalate pellets (PBT) were
extruder, and the residence time (including the extruder melted 1n _the manner described in 37‘31_“?133 I to ?0’ and
section) amounted from 4 min. to 12 min. Allyltriphenyl reacted with ethylene carbonate containing allyltriphenyl
phosphonium bromide was used as the catalyst in all cases. 65 phosphonium bromide. The temperature was 245° C., and

The results which were thereafter measured on the pellets
are summarized in the following:

the residence time from the feeding point of the ethylene
carbonate up to the exit from the final circular aperture
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nozzle was 8 min. For the examples 27 to 28, and compara-
tive example 29, polybutylene terephthalate (type C) pro-
duced by the direct esterification process, with an 1.V. of
0.89 dl/g and 33 meq/kg of carboxyl end groups, and for the
examples 30 to 31, as well as comparative example 32,
polybutylene terephthalate (type D) produced by the trans-
esterification process, with an I.V. of 1.06 dl/g and 18
meqg/kg of carboxyl end groups was used. The results which

were measured thereafter on the pellets are summarized in
‘the following table:

_ PBT Peliets

Example  PBT EC Catalyst COOH LV.
Number  Type weight % ppm meqg/kg dl/g

27 C 1.2 96 0 0.844

28 C 0.9 72 3 0.856

29 C — — 335 0.870

30 D 1.2 96 0.5 (0.995

31 D 0.9 72 3.5 1.012

32 D — e 23.5 1.042

We claim:

1. A process for the reduction of the carboxyl end groups
of a linear polyester which comprises

reacting said polyester in the melt phase with an alkylene
carbonate 1n the presence of 40-160 ppm of allyltriph-
enyl phosphonium bromide, based upon the weight of
said polyester.

10

15

20

25

3

2. The process of claim 1, in which said polyester is
polyethylene terephthalate, or polybutylene terephthalate or
polyethylene naphthalate, and said alkylene carbonate is
cthylene carbonate.

3. The process of claim 1 in which said reaction of the
polyester with alkylene carbonate takes place in a single
stage, whereby the quantity of alkylene carbonate amounts
to 0.5 to 1.5 weight %, and the guantity of allyltriphenyl
phosphonium bromide amounts to 40 to 120 ppm, each
based on the weight of the polyester.

4. The process of claim 1 in which said reaction of the
polyester with alkylene carbonate takes place in two stages,
whereby the quantity of alkylene carbonate amounts to 0.5
to 1.2 weight % in the first stage and 0.1 to 0.5 weight % in
the second stage, and the quantity of allyltriphenyl phos-
phonium bromide amounts to 40 to 100 ppm 1n the first stage
and 10 to 90 ppm 1n the second stage, the sum of the first and
of the second stage being at the maximum equal to 160 ppm,
cach based on the weight of the polyester.

3. The process of claim 1 in which the reaction takes place
within 2 to 12 min. per reaction stage.

6. The process of claim 3 which includes a polyconden-
sation reaction after said single-stage reaction of the poly-
ester with alkylene carbonate.

7. The process of claim 4 which includes a polyconden-
sation reaction after said first stage and before said second
stage of said reaction of the polyester with alkylene carbon-
ate.
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